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METHODS AND APPARATUS TO DETECT A BLANK FRAME IN A
DIGITAL VIDEO BROADCAST SIGNAL

TECHNICAL FIELD

[0001] The present disclosure pertains to commercial/advertisement
measurement and/or verification systems and, more particularly, to methods and

apparatus to detect a blank frame in a digital video broadcast signal.

BACKGROUND

[0002] As used herein, “broadcast” refers to any sort of electronic
transmission of signals from a source to multiple receiving devices. Thus, a
“broadcast” may be a cable broadcast, a satellite broadcast, a terrestrial broadcast, a
traditional free television broadcast, a radio broadcast, and/or an internet broadcast,
and a “broadcaster” may be any entity that transmits sigﬁals for reception by a
plurality of receiving devices. The signals may include content, (also referred to
herein as “programs”), and/or commercials (also referred to herein as
“advertisements”). An “advertiser” is any entity that provides an advertisement for
inclusion in a broadcast signal.

[0003] As is well known, advertisers pay significant sums of money to
broadcasters to have their commercials/advertisements broadcast in association with
particular programs at particular times (i.e., during a certain “time slot”). Typically,
broadcasters honor their contractual obligations to the advertisers and transmit
commercials during the agreed upon time slots. However, mistakes and/or last minute
programming changes occasionally cause a commercial to be broadcast during a time

slot different from the agreed upon time slot, or to not be broadcast at all.
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[0004] Additionally, businesses such as businesses selling consumer products
are very interested in the advertising and selling strategies of their competitors. To
this end, these businesses are interested in obtaining competitor expenditure studies
which identify data such as the times of broadcast of their competitor’s commercials,
the channels/programs being sponsored by their competitor, etc. This information
reflects how the competitor is spending its advertising dollars and may be used to
develop a competing advertising strategy and/or to decipher information about the
competitor’s strategic plans.

[0005] In order to monitor the broadcasting of commercials, monitoring
stations may be installed at various locations in various broadcasting areas. These

(
monitoring stations collect information indicative of the commercials broadcast in
their associated broadcasting areas, the times/dates at which those commercials were
broadcast, and the stations or channels that broadcast those commercials. The
collected information may be in an analog and/or a digital format. The information
collected for each commercial identified by the monitoring stations may be some or
all of the commercial as broadcast, a signature for some or all of the commercial as
broadcast (e. g., a proxy uniquely representative of the content of the commercial),
and/or a code associated with, and possibly broadcast with, the commercial. The
collected information typically uniquely identifies the commercial with which it is
associated. It may also identify the station broadcasting the commercial and/or the
channel on which the commercial was broadcast and the time/date on which the
commercial was broadcast.

[0006] Each monitoring station is typically provided with a database storing

the codes and/or signatures that are used to identify known commercials. In
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particular, when a commercial is found in the broadcast, the monitoring station
automatically compares the code and/or signature representative of the broadcast to
the codes and/or signatures stored in the database to automatically identify the
commercial. If a matching code and/or signature is found in the database, the
commercial is identified from the database. The identity of the commercial is then
stored in a memory. The identity of the commercial is typically stored in association
with a time and/or a date stamp identifying the time/date at which the commercial was
broadcast and an identification of the channel on which the commercial was
broadcast.

[0007] In the event an automatic identification of the commercial is not
achieved (e.g., the commercial is not yet identified in the database because, for
example, it is 2 new commercial), the monitoring station stores the collected
information representative of the commercial (e.g., a code and/or a signature) in
memory for later identification by a human being. To make it possible for a human
being to identify the commercial, the monitoring station also stores and forwards a
copy of at least a portion of the commercial or a replica thereof to enable a human to
view and/or hear the commercial. A human being will subsequently view the
commercial or the replica of the commercial to determine if it is a commercial, and, if
so, if it is a new commercial or a known commercial. Ifitis a new commercial, the
human being will provide a (preferably unique) name for the commercial and add it to
the appropriate database(s) in association with a code and/or signature uniquely
representative of that commercial to enable automatic identification in the future.

[0008] Periodically, the monitoring stations transmit the collected information

to one or more central data processing facilities. The central data processing
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facility(ies) then process the information received from the monitoring stations to
identify commercials that were not identifiable to the monitoring station(s) (e.g., via
human intervention) as explained above, and to compile reports identifying the
commercial that were actually broadcast, the stations and/or channels on which the
commercials were broadcast, and the times/dates at which those broadcasts occurred.
The report(s) may then be sold to one or more interested parties.

[0009] As mentioned above, whenever a broadcast segment cannot be
automatically identified as a specific commercial by, for example, comparing a
signature of the segment to a database storing signatures of known commercials, it is
necessary to have a human being review the broadcast segment to determine if the
segment is a new commercial to be added to the database for subsequent automatic
identification efforts, if the segment is an already known commercial, or if the
segment is not a commercial (e.g., the segment is content). Such human verification
efforts are more expensive than automatic identification efforts because the human
being must be compensated for their efforts. Therefore, it is desirable to reduce the
number of instances requiring human verification. Because new commercials not yet
present in the database require human viewing to properly add the commercial to the
database, the focus on reducing human verification efforts lies upon distinguishing
commercials from content.

[0010] More specifically, since commercial monitoring systems are focused
on commercial broadcast identification and/or verification as opposed to content
identification and/or verification, methods of distinguishing the portions of a
broadcast signal that correspond to commercials from portions of the broadcast signal

that correspond to content have been proposed. These methods are utilized at the
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monitoring stations to ensure that the portions of the broadcast signal corresponding
to content are discarded while the portions of the broadcast signal corresponding to
the commercials are processed as explained above.

[0011] Some proposed methods of distingtﬁshing commercials from content
rely upon triggers embedded in the broadcast signal. For instance, commercials in
video broadcast signals are typically separated from content by one or more blank
video frames. Therefore, some known systems attempt to identify blank video frames
as a trigger for when to begin collecting and storing the data received at the
monitoring station. Because commercials or blocks of commercials are typically
interspersed within a broadcast signal in relative short blocks of times (e.g., five
minutes or less), the known systems identify commercials and/or blocks of
commercials by identifying blank frames (or pairs of blank frames, or groups of blank
frames) separated by less than a predetermined length of time (e.g., five minutes).
When such a pair of blank video frames (or group of blank video frames) is detected,
the known systems begin processing the information collected around the blank
frames to identify the commercials, their time/date of broadcast, and/or the
station/channel carrying the commercials.

[0012] Some known systems attempt to determine when a broadcast image is
blank by decompressing digital video streams, and comparing the decompressed
video frames to a predetermined color. However, this method has several drawbacks.
Decompressing digital content can be time consuming and/or may require special
hardware. Further, broadcasters sometimes simultaneously broadcast two content
and/or commercial streams with one of the content and/or commercial streams being

located in a relatively large primary viewing window and the other of the content
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and/or commercial streams being located in a relatively small secondary viewing
window (e.g., a picture-in-picture window) embedded in or overlying the primary
viewing window. Known systems may miss the occurrence of a blank PIP/secondary
viewing window due to activity in the main/primary viewing window and/or vice

versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram illustrating an example advertisement
monitoring system.

[0014] FIG. 2 is a block diagram illustrating an example monitoring station of
the system of FIG. 1. |

[0015] FIG. 3 is a block diagram illustrating the MPEG encoding scheme.

[0016] FIG. 4 is an example luminance block of a macro block shown in the
frequency domain.

[0017] FIG. 5 is a block diagram illustrating an example blank image detector.

[0018] FIG. 6 is a block diagram illustrating an example blank frame
candidate identifier.

[0019] FIG. 7 is an example slice table.

[0020] FIG. 8 is a block diagram illustrating an example blank frame tester.

[0021] FIG. 8A is a block diagram illustrating another example blank frame
tester.

[0022] FIG. 9 is an illustration of an example order in which the blank image

detector reviews the luminance blocks of a series of macro blocks.
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[0023] FIGS. 10A-10C are a flowchart representative of machine readable
instructions which may be executed to implement the example blank image detectors
of FIGS. 8 and/or 8A.

[0024] FIG. 11 is an illustration of a blank secondary viewing window (i.e., a
picture-in-picture window) embedded in an active primary viewing window.

~ [0025] FIG. 12 is similar to FIG. 11, but illustrates a blank primary viewing
window and an active secondary viewing window.

[0026] FIG. 13 is a block diagram illustrating another example blank image
detector.

[0027] FIG. 13A is a block diagram illustrating an example blank frame
candidate identifier for use in the PIP context.

[0028] FIG. 14 is a block diagram illustrating an example blank slice detector.

[0029] FIG. 14A is a block diagram illustrating another example blank slice
detector for use in the PIP context.

[0030] FIG. 15 is a portion of an example slice map mapping blank slices of
an [-frame.

[0031] FIGS. 16A-16F are a flowchart representative of machine readable
instructions which may be executed to implement the example blank image detector
of FIGS. 13 and 14 and/or the example blank image detector of FIGS. 13 and 14A.

[0032] FIG. 17 is a block diagram illustrating xy-coordinate pairs associated
with a rectangular region.

[0033] FIG. 18 is a block diagram of an example computer which may be

programmed to implement the apparatus of FIGS. 5, 9 and/or 13.
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DETAILED DESCRIPTION

[0034] An example commercial/advertising monitoring and verification
system 100 is schematically illustrated in FIG. 1. The illustrated system 100 includes
one or more video service providers 102 broadcasting video and/or other
programming and/or commercials, one or more monitoring stations 106 to collect,
attempt to automatically identify, and store commercials broadcast by the video
service providers 102, and one or more remote data processing centers 108 to collect
and process the data collected by the monitoring stations 106 into useful reports. As
used herein, the term “blank image” refers to any image or frame that has a
substantially constant brightness. A blank image may be a solid image, an image
including one or more than one color, or any other image that has a substantially
constant brightness.

[0035] The video service providers 102 may be any type of video service
provider such as a cable television service provider, a satellite television service
provider, an internet content provider that provides, for example, streaming video
content, and/or a radio frequency (RF) television service provider as shown in FIG. 1.
The service provider 102 may broadcast digital video signals. For example, the
service provider 102 may broadcast digital video signals over a wired connection such
as a coaxial cable or over a wireless connection such as a satellite and/or a terrestrial
broadcast system.

[0036] In the example of FIG. 1, each monitoring station 106 is illustrated as
monitoring the broadcasts of a particular type of service provider 102. However,
persons of ordinary skill in the art will readily appreciate that, in practice, some or all

of the monitoring stations 106 may monitor broadcasts from multiple service
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providers 102 (e.g., channel 2 and channel 7) of the same or different types of
services.

[0037] In the illustrated example, signals from the service providers 102 are
received by thé monitoring station(s) 106. The received signals typically include
content and advertisements/commercials. As explained below, rather than identifying
every portion of the broadcast signals they receive, the monitoring station(s) 106
distinguish the time segments of the broadcast signal carrying commercials (and
possibly content) from the time segments of the signal carrying content but no
commercials, and store and/or further process the time segments of the broadcast
signal containing commercials (or information represéntative of the received
commercials) while discarding the time segments of the broadcast signal containing
content. The monitoring station(s) 106 may store this information in an analog and/or
a digital form. For example, the /monitoring station(s) 106 may store MPEG encoded
video frames.

[0038] The monitoring station(s) 106 preferably have access to a database
(which may be local or remote) storing codes and/or signatures of known
commercials and correlating the known codes and/or signatures to commercial names
or other identifiers. A commercial name or identifier preferably uniquely identifies a
commercial advertisement.

[0039] The monitoring station(s) 106 periodically export the data they collect
to a data processing center 108. The data processing center 108 processes and/or
compiles the information gathered by the monitoring station(s) 106 into reports which
may be sold to interested parties. The reports preferably include such information as

the name of the advertisement, product name, sponsor, content, message, appearing



WO 2005/104676 PCT/US2004/009910

personalities, time of broadcast, broadcast channel, program sponsored by the
advertisement, etc.

[0040] As mentioned above, the monitoring stations 106 preferably attempt to
automatically identify the commercials they detect. Therefore, the information
provided to the remote processing center 108 preferably identifies the commercials
logged by the monitoring station(s) 106. However, some commercials may not be
identified by the monitoring stations 106. Therefore, the remote data processing
center 108 may include a central database to enable automatic identification of
commercials that could not be automatically identified at the monitoring stations 106,
and may also include one or more display devices such as a television or monitor to
facilitate manual identification of commercials when, for example, automatic
identification fails or is not possible. The television (if used) may be any type of
television. For example, the television may be an NTSC (National Television
Standards Committee) compatible television, a high definition television (HDTV),a
PC monitor, etc. Additionally, although only one data proceésing center 108 is shown
in the example of FIG. 1, persons of ordinary skill in the art will readily appreciate
that more than one data processing center 108 may alternatively be employed.

[0041] An example monitoring station 106 is shown in FIG. 2. The example
monitoring station 106 of FIG. 2 may be used in the system of FIG. 1. To permit the
monitoring station 106 to simultaneously monitor a plurality of stations, the
monitoring station 106 is provided with a plurality of tuners 110A—-110N. Each tuner
110A—110N may be implemented by a conventional tuner and may be supported with

conventional signal receiving and conditioning circuitry appropriate for the type of
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broadcast medium being monitored (e.g., a demodulator, an antennae, a satellite disk,
an integrated receiver decoder, a decoder, etc.).

[0042] Because, in the illustrated example, the monitoring station 106 is
intended to monitor the broadcast of commercials, each of the tuners 110A~110N is
provided with a commercial detection system. Each of the commercial detection
systems of the illustrated example includes a buffer 112A~1 12N to delay the signal
tuned by the corresponding tuner 110A-110N a time sufficient to determine if it
contains one or more commercials or contains content but no commercial, a timer
114A-114N to time intervals occurring between blank images, and a blank image
detector 116A-116N to detect the occurrence of blank frames in the signal tuned by
the corresponding tuner 110A-110N. The structures and operations of the blank
image detectors 116A-116N are described in further detail below. For now, it is
sufficient to note that the blank image detectors 116A-116N examine the digital
broadcast signals tuned by their respective tuners 110A-110N for blank frames. This
examination 1s preferably performed without decompressing the signal. When a blank
frame (or sequence of blank frames) is detected by one of the blank image detectors
116A-116N, that blank image detector 116A-116N starts its corresponding timer
114A-114N and continues monitoring the broadcast signal tuned by its corresponding
tuner 110A-110N for the next blank frame (or sequence of blank frames). If the next
blank frame (or sequence of blank frames) is detected within a predetermined length
of time after the first blank frame (or sequence of blank frames) is detected (e.g., a
time period typically associated with a commercial break such as five minutes), the
timer 114A-114N associated with the blank image detector 116A-116N detecting the

blank frames outputs a signal indicating that the portion of the broadcast signal

11
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occurring between the blank frames is a commercial or series of commercials, and the
data in the buffer is transferred to a memory for further processing as explained
below. If the next sequential blank frame (or sequence of blank frames) occurs more
than the predetermined length of time after the first blank frame (or sequence of blank
frames) is detected, then the portion of the broadcast signal occurring between the
blank frames (or sequences of blank frames) is determined to not be a commercial,
and the timer 114A-114N is reset (i.e., restarted) without further processing the
contents of the associated buffer 112A-112N. If the buffers are implemented as ring
buffers, there is no need to reset the timers or to purge data from the buffers as the
data will be automatically overwritten unless exported to the memory for further
processing.

[0043] When one of the blank image detectors 1 16A-116N determines that
blank image(s) are present in the signal tuned by its corresponding tuner 114A-114N,
the portion of the tuned signal stored in the corresponding buffer 112A-112N (which
preferably includes approximately 120 seconds before the first blank frame stored in
the buffer, 120 seconds after the last blank frame stored in the buffer, and the time
between the first and the last blank frame stored in the buffer) is time and date
stamped with a clock signal received from a clock and then written to a memory 120.
If, on the other hand, the portion of the broadcast signal stored in the buffer 112A-
112N is determined not to contain one or more blank frame(s), the data in the buffer
112A-112N is not stored in the memory 120. Persons of ordinary skill in the art will
appreciate that the timers/frame counters 114A-1 14N may be replaced with one or
more timers/frame counters in the commercial identifier 126 such that the blank

image detectors 116A-116N export the data surrounding a blank image (e.g., 120

12
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seconds before and 120 seconds after the occurrence of a blank frame) whenever a
blank image is detected.

[0044] Persons of ordinary skill in the art will appreciate that the timers 114A-
114N may be implemented in many different ways. However, in the illustrated
example, the timers 114A-114N are implemented by frame counters that increment
when a new frame is detected.

[0045] To enable the monitoring station 106 to automatically identify
commercials, the monitoring station 106 is provided with a code/signature database
122. The code/signature database 122 stores unique codes and/or signatures in
e;ssociation with the unique names or identifiers of the associated commercials. The
database 122 of each monitoring station 106 preferably stores the commercials likely
to be broadcast in the broadcast region in which the monitoring station 106 is located.

[0046] To export the data stored in the memory 120 of the monitoring station
106 to a data processing center 108 and/or to update the database 122 with new codes
and/or signatures, the monitoring station 106 is further provided with a
communication device 124. The communication device 124 may be implemented by
any desired type of a communication device such as a modem.

[0047] To perform automatic identification of the commercials identified by
the monitoring station 106, the monitoring station 106 is further provided with a
commercial identifier 126. The commercial identifier 126 operates to extract codes
and/or signatures from the time stamped records received by the memory 120 from
the buffers 112A-112N and to compare the extracted codes and/or signatures to the

codes/signatures stored in the database 122. This comparison can be performed in any
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conventional fashion. For example, hash code searching may be used to expedite the
signature matching process.

[0048] Irrespective of the searching/matching techniques employed, if a match
is detected, the commercial identifier 126 updates the corresponding record stored in
the memory 120 with the identified commercial name or identifier. The
corresponding portion of the record has then been identified as containing the
corresponding commercial. Because of this conclusive identification, the commercial
identifier 126 may replace the code/signature in the corresponding portion of the
record stored in the memory 120 with the corresponding commercial name/identifier
to, for example, reduce the size of the record.

[0049] As will be appreciated by persons of ordinary skill in the art, any or all
of the portion of the signal before the first blank frame, the portion of the signal after
the last blank frame and the portion of the signal between the first and the last blank
frames may contain one or more commercials. Further, in the case of multiple
commercials, adjacent commercials may or may not be separated by one or more
blank frames. Accordingly, the commercial identifier 126 is preferably adapted to
search each record stored in the memory 120 for multiple commercials. This search
may be informed, for example, by data such as the length of a commercial already
identified in the record. For instance, if a first commercial is identified as occurring
immediately after the first blank frame, the first commercial is known from the
database 122 to be 30 seconds long, and the time between the first and the last blank
frame in the record is 60 seconds, the commercial identifier 126 will attempt to
extract one or more codes or signatures from seconds 30-60 of the record occurring

between the first and the second blank frames. The extracted code/signature will then
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be compared to the data in the database 122 to attempt to identify a second
commercial in the record. If no match is found, the record will be marked for further
processing (e.g., via automatic matching against a larger code/signature database
and/or human viewing) to identify any additional commercial(s) in the record. Ifa
match is found, the record is updated with the matching commercial name or
identifier and, if appropriate, the search for additional commercials in the record
continues.

[0050] By way of additional examples, one or more commercials may occur
before the first blank frame or after the last blank frame. Accordingly, the
commercial identifier 126 preferably attempts to extract codes and/or signatures from
the portion of the record occurring before the first blank frame and after the last blank
frame. The extracted codes and/or signatures are then compared to records from the
database 122 in a conventional fashion as explained above. If a match is found, the
matching commercial name or identifier is placed in the record as explained above. If
no match is found, the record may be marked for further processing by the central
facility 108.

[0051] As mentioned above, the communication device 124 may be used to
transfer data to and/or from the monitoring station 106. For example, the
communication device 124 may be used to periodically update the code/signature
database 122 with new codes/signatures identified at the central facility 108.
Additionally, the communication device 124 may be employed, for example, to
periodically export those records collected in the memory 120 that have been
processed by the commercial identifier 126 to the data processing center 108. For

example, the communication device 124 may be actuated to export the data/records
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when the memory 120 reaches a predetermined level of fullness, to export the data at
predetermined time(s), and/or to export the data at predetermined time intervals.

[0052] The example monitoring station 106 of FIG. 2 is structured to identify
blank video images from compressed digital video information. The blank video
images may be detected without unpacking/uncompressing the digital video
information, thereby achieving blank frame detection more quickly and with less
decoding overhead than is required by prior art systems. Before discussing the
example monitoring station 106 in further detail, a brief discussion relating to digital
video signal compression is given below to provide a context for understanding the
operation of the monitoring station.

[0053] The following discussion is based primarily on the Moving Pictures
Expert Group (MPEG) video compression standard. The MPEG standard is one
particularly well-known digital video compression standard that may be used in
conjunction with the example methods and apparatus described herein. However,
MPEG video compression techniques are only one particular example manner in
which digital video information may be compressed for use with the example methods
and apparatus disclosed herein. Therefore, those having ordinary skill in the art will
appreciate that the example apparatus and methods disclosed herein may be similarly
applied in conjunction with other digital video compression schemes.

[0054] In general, video compression schemes operate based on the
assumption that video sequences or programs typically contain a relatively large
amount of temporally and/or spatially redundant information. Temporal redundancy
occurs between successive frames or images making up a video sequence because

there are relatively few changes to the color and brightness of large portions of the
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successive images or frames making up the video sequence. On the other hand,
spatial redundancy occurs within a given video frame or image because adjacent
pixels or areas within an image or frame are often of the same or similar color and
intensity or brightness. Thus, by eliminating temporally and spatially redundant video
information from a video program prior to its transmission, the amount of bandwidth
required to transmit the video program can be reduced dramatically.

[0055] The data reduction achieved by a compression scheme is commonly
expressed as a compression ratio. Compression ratios are usually calculated by
dividing the amount of video data making up an original sequence of video images by
the amount of compressed data used to transmit that video data. Compression ratios
of between about 10:1 and about 100:1 are commonly achieved using an MPEG-
based video compression scheme.

[0056] Video compression schemes also typically eliminate certain types and
amounts of video information that is not necessarily redundant, but which, if
eliminated, is not perceptibly noticeable or offensive to the human eye. For example,
the human eye is significantly more sensitive to variations in brightness than
variations in color or hue. As aresult, video compression schemes often reduce the
amount of digital information pertaining to color or hue without adversely impacting
the perceived quality of an image extracted from compressed image information. In
addition, the human eye has greater difficulty perceiving rapid variation of brightness
and/or color, shade or hue across an image (i.e., the higher frequency components that
compose an image). As a result, video compression schemes can zero-out or
eliminate the transmission or processing of the higher frequency components of an

image without adversely impacting the perceived quality of the image.
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[0057] FIG. 3 depicts an example sequence 200 of digital video images or
frames 202, 204, 206, 208 and 210 that may be associated with a digital television
program or the like. The images or frames 202-210 may make up a group of pictures
(GOP) for purposes of MPEG encoding (i.e., compression) to be transmitted, stored or
otherwise conveyed for use by an MPEG decoder associated with an output device
(e.g., a television, video monitor, computer screen, etc.)

[0058] Initially, each of the images or frames 202-210 is composed of
uncompressed digital information representing display pixels arranged in a plurality
of rows and columns to be displayed on an output device in a particular format at a
particular rate. For example, each of the frames 202-210 may contain sufficient pixel
information to display an image or a frame on a raster scan-based display having 480
rows or lines of 720 pixels (i.e., columns). Displaying a sequence of frames at, for
example, a rate of 30 frames per second may create the impression of a smoothly
moving video image. Of course, many other display formats and rates could be used
instead.

[0059] The amount of digital data required to represent each pixel within each
of the frames or images 202-210 depends on the color model used to create the
images 202-210. For example, if the well-known Red, Green, Blue (RGB) color
model is used, eight bits are used to represent the amount of each image or color
component used for each pixel. Thus, for a digital image generated using the RGB
color model, a total of twenty-four bits of data are required to represent each pixel.

[0060] During the MPEG compression processes, each of the images or
frames 202-210 is sub-divided into a sequence of macro blocks 212. The macro

blocks 212 are grouped into slices 222 such that each frame 202-210 comprises a
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plurality of slices 222 and each slice 222 comprises a plurality of macro blocks 212 as
shown in the example of FIG. 3. Each macro block 212 is composed of 16x16 pixels
(i.e., sixteen rows of sixteen pixels). The resulting sequences of macro blocks 212 are
maintained in a raster scan order. By way of example, the image or frame 204 is sub-
divided into slices 222 of macro blocks 212, each of which includes RGB data for
16x16 or 256 pixels.

[0061] The MPEG compression process converts the RGB data (i.e., the
twenty-four bits of information) for each pixel within the macro blocks 212 into the
well-known YUV color model. In general, the YUV color model represents each
pixel using a luminance value denoted as Y and two chrominance values denoted as
Cr and Cb. However, because the human eye is significantly less sensitive to color
changes, the MPEG compression process decimates the chrominance information for
each of the macro blocks 212 via a horizontal and vertical (i.e., row and column) sub-
sampling process. In particular, the decimation process averages the chrominance
information (i.e., the Cr and Cb values) for groups of four pixels arranged in two rows
and two columns, discards the individual chrominance values making up the averages
and retains the average values. In this manner, the MPEG compression process
compresses the chrominance information required to display an image by a factor of
four without adversely affecting the perceptible quality of the image when displayed
to a human.

[0062] By way of example, following the color model conversion and
chrominance decimation processes, a macro block 212 includes four 8x8 luminance
blocks 230, 232, 234 and 236 and two 8x8 chrominance blocks 238 and 240.

Together, these luminance blocks 230-236 and chrominance blocks 238-240 represent
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the color and intensity of the group of 16x16 pixels associated with the corresponding
macro block 212. Each of the blocks 230-240 is composed of eight rows and eight
columns of eight bit values (i.e., bytes). For example, the luminance block 236 1s
composed of a grid where each of the squares of the grid represents an eight bit
luminance value associated with a particular pixel within the macro block 212. Of
course, because the chrominance information has been decimated as described above,
each of the eight bit values within the 8x8 chrominance blocks 238 and 240 represents
the average color information for a group of four pixels associated with the
corresponding macro block 212.

[0063] After converting the color model and decimating the chrominance
information, the MPEG compression scheme processes the images or frames 262-210,
which are now represented using the decimated YUV data, to eliminate or reduce
temporal redundancy. The MPEG compression scheme uses motion-compensated
inter-frame prediction to reduce the amount of data required to regenerate a sequence
of video frames. In general, the MPEG compression scheme periodically generates
reference frames (known as Intra-frames or I-frames) that are substantially still video
images that can be regenerated (i.e., displayed) without reference to any other frames
or images. A series of video frames preceding and/or following a reference frame or
I-frame are either Predictive-frames (commonly known as P-frames) or
Bidirectionally prediétive-frames (commonly known as B-frames). P-frames may
contain motion vectors and error information relating the P-frame to an I-frame or to
one or more preceding P-frames, while B-frames may contain motion vectors and
error information relating to preceding and/or subsequent I-frames or P-frames.

Because substantial portions (e.g., a background) of a video image typically do not
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change significantly (or at all) from one frame to the next (i.e., there is a significant
amount of temporal redundancy), the amount of information needed to represent each
P-frame and B-frame can be significantly less than the amount of information needed
to represent an I-frame.

[0064] During an MPEG compression process, each of the frames or images
202-210 comprising the video sequence 200 are designated by the MPEG encoder as
one of an I-frame, a P-frame or a B-frame. The relatively complex manner in which
the MPEG compression process designates frames as I-frames, P-frames and B-
frames is well-known in the art and is not described in further detail herein.

[0065] Once the MPEG compression process has reduced or eliminated
temporally redundant inter-frame information by converting a sequence of video
images into a sequence of I-frames, P-frames and B-frames, the MPEG compression
- scheme processes these frames to remove spatial redundancy. The MPEG
compression scheme recognizes that within a given 16x16 pixel macro block 212
there is typically a repeatable pattern of pixel information and/or the pixel information
does not vary significantly (e.g., perceptibly) across the macro block.

[0066] To eliminate the spatially redundant information, the MPEG
compression scheme uses a discrete cosine transform (DCT) to convert each of the
8x8 blocks 230-240 comprising the macro blocks 212 of the I-frames, P-frames and
B-frames from the spatial domain into the frequency domain. In the spatial domain,
each square (i.e., byte) within an 8x8 luminance block 230-236 corresponds to a
physical pixel location (or in the case of a chrominance block 238, 240, each square
(i.e., byte) corresponds to four pixel locations), whereas in the frequency domain,

each square within the 8x8 block produced by the DCT conversion corresponds to a
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frequency of a cosine waveform representing a frequency component of the pixel
data. Because there is typically very little variation in intensity and color across a
16x16 pixel macro block 212, most macro blocks 212 can be represented in the
frequency domain using a direct current (DC) component (i.e., a zero frequency
component or offset) and few, if any, low frequency (AC) components. As is well
known, the DCT of an 8x8 luminance block 230-236 of spatial pixel information
(e.g., an 8x8 block of luminance information where each square within the block 230-
236 represents an eight bit value associated with a physical pixel location) results in
an 8x8 block of frequency domain information, where each square contains an
amplitude coefficient for a cosine waveform of a particular frequency (see the
example grid of FIG. 4 showing the luminance block 236 in the frequency domain).
The block 250 in the upper left corner of the frequency domain grid 236 is a DC value
(e.g., the average luminance for the 8x8 spatial domain block 236). The values in the
grid squares other than the upper left corner block 250 represent AC values. The
horizontal frequency of these AC values increase as one moves across rows to the
right of the upper left corner block 250 and the vertical frequency of these AC values
increase as one moves down columns in the grid 236.

[0067] In practice, performing a DCT and quantization on each of the 8x8
blocks 230-240 results in frequency domain blocks having relatively few coefficient
values near the upper left corner of the 8x8 frequency domain blocks 230-240 and a
relatively large number of zero or near zero coefficients in the majority of the AC
squares making up the remainders of the blocks 230-240. Therefore, by using a run-
length encoding scheme and not individually transmitting the zero and near zero

frequency domain coefficients, the MPEG compression process can substantially
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reduce the amount of data needed to reconstitute the compressed image without
perceptibly degrading the image quality.

[0068] To illustrate the manner in which spatially redundant information can
be eliminated, consider an 8x8 block of pixel luminance iﬁformation such as, for
example, the block 236 of FIG. 3. If the luminance is constant (e.g., 2 digital value of
128) across the block 236, each of the luminance values associated with the 64
squares making up the grid will contain the value 128. Performing a DCT on such an
8x8 luminance block will result in an 8x8 luminance block (see FIG. 4) in which the
upper left corner square 250 contains the DC value 128 and all other squares or
frequency domain coefficients are equal to zero (i.e., because the luminance is
constant, there are no AC components). Taking advantage of this scheme, instead of
transmitting all 64 values, run length encoding transmits only four numbers to
represent the luminance values for all of the pixels associated with the original 8x8
spatial domain block 236. In other words, all 64 luminance values do not have to be
transmitted and processed by an MPEG decoder. Instead, using the run-length
encoding scheme, only four values (e.g., 001 128 063 000) are transmitted to the
MPEG decoder.

[0069] In general, the MPEG compression process achieves relatively high
compression ratios by employing techniques such as, for example, frequency
coefficient quantization (e.g., reducing the number of bits needed or allocated for each
frequency domain coefficient), and zigzag sequence coding in conjunction with run-
length encoding to eliminate the individual transmission of coefficients having a same
value. Such techniques are well-known in the art and, thus, are not discussed further

herein.

23



WO 2005/104676 PCT/US2004/009910

/

[0070] It should be noted, however, that a further compression is performed
when encoding a macro block 212. In particular, the first luminance block 230 ina
macro block 212 includes an absolute DC value in its upper left hand square 250. The
DC values of the remaining luminance blocks 232-236 are relative DC values
reflecting any difference between the DC value associated with the corresponding
luminance block 232-236 and the absolute DC value stored in the first luminance
block 230. Therefore, if the luminance is constant across all of the luminance blocks
232-236 in a macro block 212, all of the luminance blocks 230-236 in the macro
block 212 may be differential encoded to reflect the single DC luminance value (i.e.,
the absolute DC value from the first luminance block 230) and the following zero
values.

[0071] An additional encoding method deserves mention here. In particular,
in the MPEG I protocol, an entropy encoding scheme is used to reduce the number of
bits required to transmit data. In the MPEG II entropy encoding scheme, statistical
studies are used to develop a look up table associating values with codes. The most
frequently used codes (as indicated by the statistical studies) are assigned the shortest
codes to reduce the number of bits typically required to transmit data. If such an
encoding scheme is used, the blank image detectors 116A-116N should be provided
with access to the codes (e.g., to the look-up table) to enable proper interpretation of
the data in the macro blocks. In other words, irrespective of the coding scheme
employed, the blank image identifiers 116A-116N should be informed of the coding
scheme to properly analyze the broadcast stream.

[0072] A block diagram of an example blank image detector 300 is illustrated

in FIG. 5. In the illustrated example, the blank image detector 300 includes a blank
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frame candidate identifier 301 and a blank frame tester 302. As explained in detail
below, the blank frame candidate identifier 301 examines the total number of bits or
bytes in a frame to determine if the frame has a data size small enough to potentially
be a blank frame. If so, the blank frame candidate identifier 301 examines
predetermined areas of the frame (e.g., rows, groups of rows, etc.) to determine if
more than a predetermined number of the areas include substantially the same number
of bytes or bits of data. If either of these thresholds are not met, the blank image
detector 300 concludes that the associated frame is not blank and proceeds to analyze
the next frame. If, however, the frame has a sufficiently small data size and more
than the predetermined number of areas in the frame include substantially the same
number of bytes or bits of data, the frame may be a blank frame. Accordingly, the
blank frame tester 302 examines the candidate frame (i.e., the frame identified by the
blank frame candidate identifier 301 as having a sufficiently small data size and more
" than the predetermined number of areas with substantially the same number of bytes
or bits of data) to determine if it is a blank frame.

[0073] In the illustrated example, the blank frame candidate identifier 301
takes advantage of the fact that blank images are low complexity images. As such,
blank images contain a small amount of data and have a substantially constant bit or
byte allocation distribution such that equal sized and shaped areas of the blank image
are represented by substantially the same relatively low number of bits or bytes.
Therefore, any image that has too many bits/bytes or has a complex bit or byte
allocation distribution is too complex to be blank and can be immediately discarded as

a non-blank image without conducting a more detailed examination of the frame.
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[0074] In the illustrated example, the blank frame tester 302 determines if the
candidate frame is blank by examining the DC values of the luminance blocks in one
predetermined area (e.g., in one slice) of the frame. In particular, the example blank
frame tester 302 of FIG. 5 ideﬁtiﬁes blank images by counting entropy codes
representing zero in the DC values in the luminance blocks 230-236 of a slice of the
frame in question, and by determining if the number of DC values containing entropy
codes representing zero (i.e., no change) exceeds a threshold. If that threshold is
exceeded, the blank fraine tester 302 identifies the frame as a blank frame. If the
threshold is not exceeded, the blank frame tester 302 identifies the frame as a non-
blank frame. In the illustrated example, both the blank frame candidate identifier 301
and the blank frame tester 302 operate on the frames without decoding the same.

[0075] An example blank frame candidate identifier 301 is illustrated in FIG.
6. The example blank frame candidate identifier 301 of FIG. 6 identifies a blank
frame candidate by counting or calculating the number of bits or bytes contained in a
frame and, if the bit/byte count for the frame is sufficiently low, by counting the
n@ber of bits or bytes in predetermined areas comprising the’frame. The
predetermined areas are preferably non-overlapping areas that cover the entire frame.
For example, the predetermined areas may be rows of the frame or blocks of rows of
the frame. In the illustrated example, each of the predetermined areas is a block of
sixteen rows. If a predetermined percentage of the areas in a frame have substantially
the same number of bytes, each areas of the frame exhibits substantially the same
complexity and the frame is, thus, identified as a blank image candidate.

[0076] In the illustrated example, the blank frame candidate identifier 301

includes a parser 502, a buffer 504, a frame byte calculator 505, an area byte counter
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506, an area buffer 508, an area count comparator 514, and a blank frame threshold
516 interconnected as shown.

[0077] As will be appreciated by persons of ordinary skill in the art, to enable
interpretation of a broadcast stream of digital daté, various synchronization codes are
embedded in the stream. For example, a code or mark is inserted to identify the start
of every frame and the beginning of every slice in a frame. The parser 502 takes
advantage of the presence of these codes to populate a slice address table 520 as
shown in FIG. 7. In particular, without decoding the frames, the parser 502 responds
’» to the start of each new frame by recording the slice vertical position or row address
and start address of each slice in the slice table 520. These addresses identify the
physical locations of the slices in the memory buffer. The table 520 may be
implemented in any desired fashion. Persons of ordinary skill in the art will
appreciate that the address values shown in FIG. 7 are simplified for purposes of
illustration.

[0078] The buffer 504 stores one or more video frames 202-210 to save the
context for the commercial identifier 126. The buffer 504 may be any type of
memory device. For example, the buffer 504 may be static random access memory
(SRAM), dynamic random access memory (DRAM), flash memory, magnetic
memory, etc.

[0079] After or as the parser 502 completes the table 520, the frame byte
calculator 505 calculates the number of bits or bytes contained in the frame. If the
number of bits/bytes in the frame exceeds a predetermined threshold, the frame is too
complex to be blank, and, thus, the blank frame candidate identifier 301 discards the

frame as non-blank. If, however, the byte count of the frame (for example, as
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reflected by the addresses in the table 520) does not exceed the threshold, the frame
may be blank. Accordingly, the area byte calculator 506 calculates the number of
bytes contained in each of the predetermined areas of the subject frame. In particular,
the area byte calculator 506 analyzes the table 520 to calculate how many bytes are in
each of the areas. In the illustrated example, each of the predetermined areas is a row
of the frame. As used herein, in the MPEG context, the term “row” refers to a stack
of sixteen display rows. For instance, in the example of FIG. 7, the start address of
the first slice in row 2 is 1001 and the start address of the first slice in row 1 is 1.
Therefore, row 1 includes 1000 bytes (i.e., 1001-1 = 1000).

[0080] In some instances, a row may contain more than one slice. Since the
area byte calculator 506 is seeking to determine the number of bytes per row, it
effectively combines slices occurring on the same row by calculating the difference
between the start address of the first slice on a given row and the start address of the
‘first slice on the next row following the given row. Looking at a more concrete
example, in FIG. 7, two slices are located on row 2. Therefore, to calculate the
number of bytes on row two, the area byte calculator 506 subtracts the start address of
slice 2 (i.e., the first slice on row 2) from the start address of slice 4 (i.e., the first slice
on row 3). This calculation reveals that row 2 contains 1000 bytes (i.e., 2001 (the
start address of slice 4) — 1001 (the start address of slice 2) = 1000).

[0081] The area byte calculator 506 writes the number of bytes it calculates
for each row into the area buffer 508 for further processing. The area buffer 508 may
be implemented in any desired fashion. For example, it may be implemented like the

buffer 504.
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[0082] When the area buffer 508 is filled with the data for each area of a
frame, the area count comparator 514 analyzes the area byte counts stored in the area
buffer 508 to determine if each of the areas contains substantially the same number of
bytes. If each of the areas contains substantially the same number of bytes, than the
frame is a blank frame candidate.

[0083] The area count comparator 514 may analyze the area byte counts in
any of a number of manners. For example, the area count comparator 514 may
discard the lowest 10% and the highest 10% of the area byte counts stored in the area
buffer 508, and then calculate the standard deviation of the remaining area byte
counts. Once the standard deviation is computed, the area count comparator 514 may
compare the standard deviation to a blank frame candidate threshold 516. If ';he
standard deviation is greater than the blank frame candidate threshold, then the frame
is not a blank frame. Otherwise, if the standard deviation is less than the blank frame
candidate threshold 516, the blank frame candidate identifier 301 identifies the frame
as a blank frame candidate.

[0084] The blank frame candidate threshold value 516 may be set to any
desired value. For example, it may be set to correépond to a standard deviation
indicating that the number of bytes in the middle 80% of the areas of a frame vary by
less than any desired number of bytes.

[0085] When the blank frame candidate identifier 301 identifies a blank frame
candidate, the blank frame tester 302 is activated to determine whether the blank
frame candidate is indeed a blank frame. Whereas the blank frame candidate
identifier 301 utilizes tests that err on the side of identifying some non-blank frames

as blank frame candidates, the blank frame tester 302 utilizes a more precise test to
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determine if a blank frame candidate identified by the blank frame candidate identifier
301 is in fact a blank frame. This multi-level testing process is performed for
increased processing efficiency and to exclude frames from the pool of blank frame
candidates that would falsely be identiﬁed as blank by the blank frame tester 302.
Efficiency is improved in that most frames are not blank frames and, thus, can be
excluded as non-blank frames based on their overall data size (i.e., total bit or byte
count) and/or on their bit or byte allocation distribution without conducting a more
detailed examination of the frame. False identification of non-blank frames as blank
is avoided in instances where, a complex image (i.e., a non-blank image with a
relatively large byte allocation) exhibits a substantially constant average brightness.
The blank frame tester 302 might incorrectly identify such frames as blank if they are
not excluded on the size test by the candidate identifier 301.

[0086] In the illustrated example, the blank frame tester 302 performs its test
on:one area (e.g., one slice) of the blank frame candidate. If the tested slice of the
blank frame candidate indicates that the candidate is indeed a blank frame, the blank
frame tester 302 identifies the blank frame candidate as a blank frame. Any slice in
the blank frame candidate may be tested by the blank frame tester 302. However, it is
preferable that the slice not be located in one of the rows discarded by the blank frame
identifier 301 in developing the standard deviation value noted above (i.e., the slice
should not be located in one of the rows in the top 10% of byte counts or one of the
rows with the lowest 10% of byte counts. Persons of ordinary skill in the art will
appreciate that, although the illustrated blank frame tester 302 examines only one
slice, more than one slice (e.g., all of the slices in a frame or less than all of the slices

in a frame) may alternatively be examined.
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[0087] An example blank frame tester 302 is illustrated in FIG. 8. Inthe
illustrated example, the blank frame tester 302 includes a block parser 303, a buffer
304, a DC value comparator 306, a DC value counter 308, and a comparator 310
interconnected as shown. As mentioned above, the blank frame tester 302 analyzes
one of the slices in a blank frame candidate to determine if the candidate frame is
indeed a blank frame.

[0088] The parser 303 may be any type of parser. In the illustrated example,
the parser 303 receives an MPEG blank frame candidate from the blank frame
candidate identifier 301 and unpacks the digital data in a selected slice of the blank
frame candidate into a plurality of luminance blocks 230-236. However, the parser
303 need not uncompress the selected slice. Once the digital data in the selected slice
is unpacked, the parser 303 stores the luminance blocks 230-236 from that slice in the
buffer 304. Persons of ordinary skill in the art will appreciate that the parser 303 may
be structured to operate in accordance with MPEG or video compression standards
other than MPEG.

[0089] The buffer 304 may store one or more video frames 202-210 as well as
the plurality of luminance blocks 230-236 corresponding to the selected slice of the
blank frame candidate. The buffer 304 may be any type of memory device. For
example, the buffer 304 may be static random access memory (SRAM), dynamic
random access memory (DRAM), flash memory, magnetic memory, etc.

[0090] As described in detail above, each luminance block 230-236 holds a
DC value in its upper left hand square 250 and those DC values are indicative of the
average brightness for the corresponding luminance block 230-236. The DC value

comparator 306 of the example of FIG. 8 retrieves and compares the DC values of
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each sequential pair of luminance blocks 230-236 in the selected slice. As shown in
FIG. 9, “sequential pairs of luminance blocks™ are defined by a zigzag processing
pattern. In particular, the DC value comparator 306 first compares the DC values
from the first and second luminance blocks 230 and 232 of a first macro block, then
compares the DC values from the second and third luminance blocks 232 and 234 of
the first macro block, then compares the DC values from third and last luminance
blocks 234 and 236 of the first macro block, and then compares the DC value from
the last luminance block 236 of the first macro block and the DC value from the first
luminance block 230 of a next macro block. This examination pattern is repeated
until all of the luminance blocks in all of the macro blocks of the selected slice have
been examined. Persoﬁs of ordinary skill in the art will appreciate that, because all of
.the DC values in a slice besides the first DC value in that slice are typically relative
wvalues, “comparing DC values” in the case of an absolute DC value followed by a

-relative DC value simply comprises reading the relative DC value since the relative
DC value is inherently the result of a comparison between the absolute DC value of
the previous block and the absolute value of the following block.

[0091] The DC value comparator 306 compares the DC values of the
sequential pairs of luminance blocks 230-236 to determine if there is a difference in
average brightness between the pair of luminance blocks. If no change is detected
(e.g., the compared DC values are substantially identical), the DC value comparator
306 outputs a no change signal (e.g., a logic high signal). Because noise can cause
some unintended brightness changes, the DC comparator 306 may be structured to
output the no change signal whenever the difference between the compared DC values

is zero or within a predetermined range of zero.

32



WO 2005/104676 PCT/US2004/009910

[0092] The output of the DC value comparator 306 is communicated to the
DC value counter 308. The DC value counter 308 increments in response to every no
change signal received from the DC value comparator 306. The DC value counter
308 is re-set to zero whenever examination of a new slice begins.

[0093] The comparator 310 compares the value stored in the DC value counter
308 to a predetermined threshold value 312. If the DC value counter 308 counts more
than the threshold value 306 of no change signals from the DC value comparator 306,
the comparator 310 outputs a blank image signal indicating that the examined blank
frame candidate is a blank frame. The predetermined threshold value 312 may be set
to any desired value. For example, it may be set to correspond to a number equivalent
to any desired percentage of the total number of luminance blocks 230-236 contained
‘in a slice (e.g., 51%, 90%, etc.).

[0094] In a preferred alternative example illustrated in FIG. 8A, the buffer
304, the DC value comparator 306 and the DC value counter 308 are eliminated and
replaced with a histogram generator 318. The histogram generator 318 receives the
DC values for a given slice from the parser 303 and creates a histogram reflecting the
DC values counted in the slice. For example, a DC value of 0 is reflected in the
histogram (e.g., by a unit block or line) at a position indicative of 0, a DC value of 1 is
reflected in the histogram at a position indicative of 1, etc. After all of the DC values
in the slice have been recorded in the histogram, the histogram is examined by the
comparator 310 to determine if the slice is a blank slice. The histogram of a blank
slice should exhibit a peak at a single value indicating substantially constant
brightness. The histogram should be zero at all other DC values if the slice is a blank

slice. However, because of noise, there may be shorter peaks around the tallest peak.
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Accordingly, the comparator 310 sums the peak heights for a window of values
around the largest peak value. If the summed value exceeds a threshold 3 12, the
blank frame tester 302 identifies the frame as a blank frame. Otherwise, the frame is
not blank and is discarded.

[0095] Stated more precisely, if we let: (a) H[i] be a histogram, where
i=0,...,255; (b) p=arg max HI[i], where i=0, ..., 255 (i.e., p is a number such that H[p]
>=H{[i] for all i), (c) s=Sum(H[i]) for i from p-w to p+w, where w is the window
width, (e.g., 5), and (d) S=Sum(H][i]), where i=0,...,255, then if (s/S > threshold), the
frame is blank, where threshold is, for example, 95%. |

[0096] Persons of ordinary skill ip the art will appreciate that, although in the
preferred examples described above, the blank frame identifier 300 is implemented as
a two stage device including a blank frame candidate identifier 301 and a blank frame
tester 302, other implementations are likewise appropriate. For example, ifa less
precise blank frame identifier 300 is acceptable, the blank frame identifier 300 may be
implemented to exclude the blank frame tester 302 such that blank frame candidates
identified by the blank frame candidate idenﬁﬁer 301 are all accepted as blank frames.
In such an approach, it may be desirable to tighten the standard for identifying blank
frame candidates by, for example, permitting less variance in byte length from area to
area (e.g., Tow to row) in a frame identified as blank.

[0097] As another alternative, the blank frame identifier 300 may be
implemented to exclude the blank frame candidate identifier 301 such that the blank
frame tester 302 tests every frame to determine if it is a blank frame. In such an
approach, it is desirable to have the blank frame tester 302 examine the DC values in

the luminance blocks in more than one slice of the frame to determine if the
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corresponding frame is indeed blank. For example, the blank frame tester 302 may
examine all of the luminance blocks in a frame, or the luminance blocks of a
predetermined number of slices in the frame (which may be all of the slices in the
frame or less than all of the slices in the frame).

[0098] A flowchart representative of example machine readable instructions
for implementing the blank image detector 300 of FIG. 5 is shown in FIGS. 10A-10C.
In this example, the machine readable instructions comprise a program for execution
by a processor such as the processor 2004 shown in the example computer discussed
below in connection with FIG. 18. The program may be embodied in software stored
on a tangible medium such as a CD-ROM, a floppy disk, a hard drive, a digital
versatile disk (DVD), or a memory associated with the processor 2004, but persons of
ordinary skill in the art will readily appreciate that the entire program and/or parts
thereof could altematively be executed by a device other than the processor 2004
and/or embodied in firmware or dedicated hardware in a well known manner. For
example, any or all of the parser 303, the DC value comparator 306, the DC value
- counter 308, the comparator 310, the threshold 312, the parser 502, the frame byte
calculator 505, the area byte counter 506, the area comparator 508, the area count
comparator 514, the histogram generator, and/or the blank frame threshold 516, could
be implemented by software, hardware, and/or firmware. Further, although the
example program is described with reference to the flowchart illustrated in FIGS.
10A-10C, persons of ordinary skill in the art will readily appreciate that many other
methods of implementing the example blank image detector 300 may alternatively be

used. For example, the order of execution of the blocks may be changed, and/or some

i
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of the blocks described may be changed, eliminated, or combined. For instance, the
blocks may be modified to implement any of the alternatives explained above.

[0099] The program of FIGS. 10A-10B begins when a new frame is received
from the corresponding‘tlmer 114A-114N (block 350). The frame byte calculator
505, the area byte calculator 506, the area buffer 508, and the loop counters (I and K)
are reset when a new frame is received (block 350). The frame byte calculator 505
determines if the total number of bits or bytes in the frame exceeds a predetermined
threshold (block 351). If the threshold is exceeded, the frame is not blank and control
returns to block 350 where processing of the next frame begins. Otherwise, if the
frame exhibits a sufficiently low bit/byte count to potentially be blank, the parser 502
then constructs a slice table 520 such as that shown in FIG. 7 and the area byte
calculator 506 begins calculating the row byte counts. In the illustrated example, the
parser 502 constructs the slice table 520 by examining the frame to find the start
address for the first slice (i.e., slice I) in the frame (block 352). It then finds the start
address of the next slice (i.e., slice K) in the frame (block 352). In the MPEG I
context, if the vertical position of the next slice K is the same as the vertical position
for the slice I (block 356), then slice I and slice K are at least partially located in the
same row. Accordingly, their byte counts are attributed to the same row L. To this
end, the counter K is incremented by one (block 358) and control returns to block
354. |

[00100] Control continues to loop through blocks 354-358 until a slice
K having a vertical position different than the row address of sﬁce 1 is found (block
356). When such a slice K is found, the area byte calculator 506 computes the

number of bytes in the row I associated with slice I by subtracting the start address of
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slice K from the start address of slice I (block 360). The byte count is recorded in the
area buffer 508.

[00101] The blank frame candidate identifier 301 then determines if the
last byte count has been calculated (block 362). If not, the counter I is set equal to the
value in the counter K (block 364), and control returns to block 352. Control
continues to loop through blocks 352-364 until the area byte calculator 506 has
completed the area byte calculations for the entire frame. Contrbl then advance to
block 366.

[00102] At block 366, the area count comparator 514 begins analyzing
the area byte counts in the area buffer 508 to determine if the frame is a blank frame
candidate. In the illustrated example, the area count comparator performs this task by
dropping the top 10% of area byte counts and the bottom 10% of area byte counts
(block 366). The area count comparator 514 then calculates the standard deviation of
the remaining (i.e., the remaining 80%) area byte counts (block 368). The area count
comparator 514 then compares the computed standard deviation to the blank frame
threshold 516 (block 370). If the standard deviation exceeds the blank frame
threshold (block 370), the frame is not a blank frame candidate. Accordingly, control
returns to block 350 where the next frame is analyzed as explained above. If,
however, the standard deviation does not exceed the blank frame threshold (block
370), the frame is a blank frame candidate. Accordingly, control advances to block
400 (FIG. 10B) where the blank frame tester 302 analyzes a slice from the candidate
frame to determine if the candidate frame is a blank frame.

[00103] Specifically, as shown in FIG. 10B, the blank frame tester 302

begins analyzing the candidate frame by parsing the slice to review into luminance
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blocks and resetting the DC value counter 308 (block 400). The DC value comparator
306 then retrieves the first and second DC values from the Juminance blocks of the
slice (block 402 & 404). The DC value comparator 306 compares the retrieved DC
values to one another by, for example, comparing the absolute value of the difference
between the retrieved DC values to a predetermined threshold (block 406). (In the
case of an absolute DC value paired with a relative DC value, the comparison may
comprise taking the absolute value of the relative DC value and then comparing that
absolute value to the threshold.) If the threshold is exceeded (block 406), control
advances to block 410. If the threshold is not exceeded (block 406), the counter 308
increments (block 408) before control advances to block 410.

[00104] At block 410, the DC value comparator 306 determines if the
last block in the slice has been analyzed. If not, the second DC value is written into
the first DC value variable (block 412). Control then returns to block 404 where the
DC value of the next luminance block is retrieved to initiate the next DC value
comparison.

[00105] Once all of the sequential DC values have been compared
(block 410), control advances to block 414. At block 414, the comparator 310
compares the value stored in the counter 308 to a predetermined blank frame
threshold 312. If the blank frame threshold is exceeded by the counter value (block
414), a blank image signal is output (block 416). Control then returns to block 350
(FIG. 10A) to initiate processing of the next frame. If the blank frame threshold is
not exceeded (block 414), control returns to block 350 (FIG. 10A) without generating

the blank image signal.
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[00106] As explained above, the blank frame detection approach
illustrated by FIG. 10B will result in false identification of non-blank frames as blank
frames in situations where, for example, the difference between adjacent DC values
slowly increments (e.g., a ramp function). To overcome this issue and achieve
improved accuracy, in‘the example of FIG. 8A, the DC value counter 308 and the DC
value comparator 306 are replaced by a histogram generator 318. Anexample
manner to implement the apparatus of FIG. 8A is illustrated in FIG. 10C. The
flowchart of FIG. 10C replaces the flowchart of FIG. 10B in the implementation of
FIG. 8A.

[00107] Specifically, as shown in FIG. 10C, the blank frame tester of
FIG. 8A begins analyzing the candidate frame by parsing the slice to review into
luminance blocks and resetting the histogram (block 400). The histogram generator
318 receives the DC values for a given slice from the parser 303 (block 404) and adds

~them to a histogram reflecting the DC values in the slice. (block 409).

[00108] At block 410, the histogram generator 318 determines if the last
block in the slice has been analyzed. If not, control returns to block 404 where the
DC value of the next luminance block is received to continue the process of mapping
all (or substantially all) of the DC values ina slice to a histogram.

[00109] Once all (or substantially all) of the DC values in a slice have
been added to the histogram (block 410), control advances to block 415. At block
415, the comparator 310 compares the sum of the peaks reflected in the histogram in a
window surrounding the highest peak value to a predetermined blank frame threshold
312. Ifthe blank frame threshold (e.g., 95% of the DC values in a slice) is exceeded

by the sum of the peaks located in a predetermined area around the highest peak value
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(block 415), a blank image signal is output (block 416). Control then returns to block
350 (FIG. 10A) to initiate processing of the next frame. Ifthe blank frame threshold
is not exceeded (block 415), control returns to block 350 (FIG. 10A) without
generating the blank imaée signal.

[00110] As explained above, in either t};e example of FIG. 8 or the
example of FIG. 8A, the blank image signal is output to the timer 114A-114N
corresponding to the blank image detector 116A-116N. If the timer 112A-112N
detects a pair of blank image signals which occur less than a predetermined time
length apart (and perhaps more than a minimum time length apart), the timer 114A-
114N causes the buffer 112A-112N to transfer its contents to the memory 120 so the
commercial identifier 126 may analyze the data to determine if one or more
commercials are present as explained above. Otherwise, the timer 114A-114N resets
itself without causing the buffer 112A-112N to transfer its contents to the memory
120.

[00111] In the alternative where the timers 114A-114N are replaced
with one or more timers at the commercial identifier 126, the blank image signal is
output to the buffer 112A-112N corresponding to the blank image detector 116A-
116N. The buffer 112A-112N responds by transferring its contents to the memory
120 so the commercial identifier 126 may analyze the data to determine if one or
more commercials are present as explained above. Otherwise, if a blank image signal
is not output by the blank image detector 116A-116N, no action is taken and the
analysis of the data stream continues in search of blank frames.

[00112] Recently, broadcasters have begun transmitting two or more

programs within the same broadcast signal wherein one of the programs is intended to
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be viewed in a primary viewing window and a second one of the programs is intended
to be viewed in a secondary viewing window. The secondary viewing window is
typically smaller than the primary viewing window. This type of display is
commonly referred to as a picture-in-picture (PIP) display and the secondary viewing
window is commonly referred to as the picture-in-picture window.

[00113] The use of primary and secondary windows permits the
broadcaster to present multiple programs or other content on a single screen. For
example, a broadcaster may present a news program wherein a commentator is shown
in a primary viewing window and a live action news report is shown in the secondary
window or vice versa. Alternatively, the two programs may be unrelated. For
example, a broadcasting station may be obligated to broadcast the scrolling credits at
the end of a movie. Since this may not be interesting to a number of viewers, the
‘broadcasting station may choose to broadcast the credits in a primary window and an
.advertisement for another program, a news update, or other content or advertisements
in a secondary window or vice versa. Either or both of the unrelated programs may
carry an advertisement. Thus, to monitor broadcasting of commercials in the primary
and secondary windows without resorting to recording all of the broadcast content, it
is desirable to detect instances when the primary viewing window is a blank image
and instances when the secondary viewing window is a blank image. As explained
above, these blank images are inserted between content and commercials. By timing
the duration between such blank images, it is possible to determine if the material
broadcast in the interval between the blank images is a commercial or content with a

reasonable level of accuracy.
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[00114] FIG. 11 illustrates an example screen 700 carrying a primary
viewing window 702 and a secondary viewing window 704. In the example of FIG.
11, the primary viewing window 702 contains content, and the secondary viewing
window 704 contains a blank image denoting a transition between content and a
commercial. Such a situation is referred to as a blank-in-picture (BIP) situa}ion. FIG.
12 illustrates the example screen 700, but at a time wherein the secondary window
704 contains content and the primary window 702 contains a blank image denofing a
transition between the content and a commercial. Such a situation is referred to as a
picture-in-blank (PIB) situation.

[00115] For the purpose of detecting blank images in primary and
secondary windows 702, 704, the blank image detector of FIG. 2 may be implemented
by the example blank image detector 800 shown in FIG. 13. In the illustrated

-example, the blank image detector 800 includes a blank image candidate identifier
801, a blank slice detector 802, a slice mapper 804, and a rectangle detector 806. As
with the blank image candidate identifier 301 discussed above, the blank image
candidate identifier 801 performs one or more relatively coarse tests to screen out
images that are too complex to be blank images. For example, the blank image
detector 301 may screen out images who have too many bits/bytes to be a blank
image and/or may screen out images who have too complex of a byte allocation
distribution to be a blank image. However, because in the PIP context, the secondary
window may be blank when the primary window is not blank and vice versa, the test
performed by the blank image candidate identifier 801 must be refined relative to the
test performed by the blank image candidate identifier 301 discussed above. In the

illustrated example, this refinement is achieved by structuring the blank image
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candidate identifier 801 to examine I-frames for a group containing at least a
predetermined number of slices that are located near each other within a frame and
that satisfy a low byte allocation criterion, and to examine P and B frames for more
than a predetermined number of intracoded macro blocks located in a rectangular
area. Only frames that meet these criteria are identified as blank frame candidates.
Preferably, only blank frame candidates are passed to the blank slice detector 802 for
further examination.

[00116] To this end, the blank frame candidate identifier 801 may be
structured similar to the blank frame candidate identifier 301 shown in FIG. 6. An
example blank frame candidate identifier 801 is shown in FIG. 13A. Because some of
the structures in FIG. 13A are identical to structures in FIG. 6, corresponding
structures in FIGS. 6 and 13A have been given identical reference numbers. The
following description will not repeat the description of those structures discussed in
connection with FIG. 6. Instead, the description of FIG.13A will focus on the
differences between FIG. 13A and FIG. 6.

[00117] As in the example of FIG. 6, in the example of FIG. 13A the
blank frame candidate identifier 801 performs a two part test to identify blank frame
candidates. The first test is performed by the frame byte calculator 505. As explained
above, the frame byte calculator 505 screens out frames as not blank that contain
more than a predetermined number of bits or bytes. In the illustrated example, only
frames having less than the predetermined number of bits/bytes are analyzed under
the second test.

[00118] Turning to the second test to determine if a frame is a blank

candidate, in the example of FIG. 13A, the blank frame candidate identifier 801 is
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structured to process I-frames differently than P and B frames. Thus, the blank frame
candidate identifier 801 is provided with a frame-type identifier 808. The frame-type
identifier 808 identifies a frame as an I-frame, a P-frame or a B-frame. If the frame-
type identifier 808 identifies a frame as an I-ﬁarﬁe, it activates tﬁe area byte calculator
506. The area byte calculator 506 operates as explained above to calculate the
number of bytes in each area of the frame and to store the computed byte counts in the
area buffer 508. The area count comparator 514 then compares each of the area byte
counts in the area buffer 508 to a blank area candidate threshold (which replaces the
blank frame candidate threshold 516 of FIG. 6). The area count comparator 514
determines that a BIP or PIB situation may be presented by an I-frame if a group of at
least a predetermined number of areas that meet the blank area candidate threshold
and are located near each other within a frame is identified.

[00119] On the other hand, if the frame-type identifier 808 identifies the

frame type tested as not an I-frame (i.e., a P-frame or a B-frame), it activates the
intracoded macro block calculator 810. The intracoded macro block calculator 810
counts the number of intracoded macro blocks in the frame. The area count
comparator 514 determines that a BIP or PIB situation may be presented by a P or B
frame if the frame contains a predetermined number of intracoded macro blocks
located in generally the same area.

[00120] Returning to FIG. 13, as explained in detail below, the blank
slice detector 802 of FIG. 13 processes I-frames, P-frames and B-frames in the same
manner. The blank slice detector 802 receives a blank frame candidate from its
corresponding blank frame candidate identifier 801 and analyzes the slices contained

within the blank frame candidate frame to determine if they are blank.

44



WO 2005/104676 PCT/US2004/009910

[00121] The slice mapper 804 maps the blank slices identified by the
blank slice detector 802 to an x-y coordinate system corresponding, for example, to
the physical location of the slice in the frame. A portion of an example map of a
frame created by the slice mapper 804 is shown in FIG. 15 wherein an “X” indicates a
non-blank slice or slice portion, and a “B” indicates a blank slice or slice portion.
After the blank slice detector 802 has analyzed every slice that contains intracoded
macro blocks in a frame, and the slice mapper 804 has mapped each blank slice
identified in the frame to the x-y coordinate system, the rectangle detector 806
analyses the x-y coordinate system to determine if a substantially rectangular area is
defined by the blank slices (i.e., the secondary window is blank such that a BIP
situation is presented) or if the blank slices surround a substantially rectangular area
(i.e., the primary viewing window is blank such that a PIB situation is presented). If
either situation occurs (e.g., a blank primary window or a blank secondary window),
tthe blank image detector 800 outputs a blank image signal, as explained above. The
blank image signal preferably indicates if the frame is a BIP or a PIB, and the location

. of the blank or active window.

[00122] An example blank slice detector 802 is shown in greater detail
in FIG. 14. The example blank slice detector 802 of FIG. 14 includes a parser 820
and a buffer 822. The parser 820 and the buffer 822 may be identical to the parser
302 and the buffer 304 discussed above. Therefore, the parser 820 and the buffer 822
are not discussed in further detail here. Instead, the interested reader is referred to the
above description of the parser 302 and the buffer 304 for a full discussion of those

structures.
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[00123] In order to determine if a slice is a blank slice, the example
blank slice detector 802 of FIG. 14 is further provided with a DC value comparator
830, a counter 832, and a comparator 834. The DC value comparator 830 functions
similar to the DC value comparator 306 in that it compares the DC values of
sequential pairs of luminance blocks 230-236 in the low byte allocation slices to
determine if there is a difference in average brightness between sequential luminance
blocks. If no change is detected (e.g., the compared DC values are identical), the DC
value comparator 830 outputs a no change signal (e.g., a logic high signal). Because
noise can cause some unintended brightness changes, the DC value comparator 830
may be structured to output the no change signal whenever the difference between the
compared DC values is zero or within a predetermined range of zero.

[00124] The output of the DC value comparator 830 is communicated to
the counter 832. The counter 832 increments in response to every no change signal
received from the DC value comparator 830. The counter 832 is reset to zero
whenever examination of a new slice begins.

[00125] . When all of the DC values in a slice have been examined, the
comparator 834 compares the value stored in the counter 832 to a predetermined
threshold value 836. If the counter 832 counts more than the threshold value 836 of
no change signals from the DC value comparator 830, the comparator 834 outputs a
blank slice signal indicating that the examined slice is a blank slice. This blank slice
signal is processed by the slice mapper 804 as explained above. In particular, the
slice mapper 804 maps the corresponding slice to a corresponding physical location in
an xy-coordinate system corresponding to a display screen for later analysis by the

rectangle detector 806 as shown in the example of FIG. 15.
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[00126] The predetermined threshold value 836 used when examining I-
frames may be set to any desired value. For example, it may be set to correspond to a
number equivalent to any desired percentage of the total number of luminance blocks
contained in a slice (e.g., 51%, 90%, etc.).

[00127] Rather than employing the DC value comparator 830 and the
counter 832, the blank slice detector 802 may include a histogram generator 831 as
shown in FIG. 14A. The histogram generator 831 may map the DC values output by
the parser 820 to a histogram reflecting the DC value distribution of a slice. The
histogram may then be examined by the comparator 834 to determine if a
predetermined number of DC values represented in the histogram the same (e.g.,
reflecting no brightness variance or small brightness variance due to noise). If the
histogram meets the threshold criteria for a blank slice, the blank slice detector 802
identifies the slice as a blank slice.

[00128] A flowchart representative of example machine readable
instructions for implementing the blank image detector 800 of FIGS. 13, 13A, 14 and
14A is shown in FIGS. 16A-16F. In this example, the machine readable instructions
comprise a program for execution by a processor such as the processor 2004 shown in
the example computer 1000 discussed below in connection with FIG. 18. The
program may be embodied in software stored on a tangible medium such as a CD-
ROM, a floppy disk, a hard drive, a digital versatile disk (DVD), or a memory
associated with the processor 2004, but persons of ordinary skill in the art will readily
appreciate that the entire program and/or parts thereof could alternatively be executed
by a device other than the processor 2004 and/or embodied in firmware or dedicated

hardware in a well known manner. For example, any or all of the blank slice detector
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802, the slice mapper 804, the rectangle detector 806, the intracoded macro block
calculator 810, the parser 820, the frame-type detectors 808, the frame byte calculator
505, the DC value comparator 830, the counter 832, the comparator 834 and/or the
thresholds 836 could be implemented by software, hardware, and/or firmware.
Further, although the example program is described with reference to the flowchart
illustrated in FIGS. 16A-16F, persons of ordinary skill in the art will readily
appreciate that many other methods of implementing the example blank image
detector 800 may alternatively be used. For example, the order of execution of the
blocks may be changed, and/or some of the blocks described may be changed,
eliminated, or combined.

[00129] The program of FIGS. 16A-16D begins when a new frame is
received from the corresponding tuner 114A-114N. The area byte calculator 506, the
area buffer 508, and the loop counters (I and K) are reset when a new frame is
received (block 846). The frame byte calculator 505 then determines if the frame has
a sufficiently low byte count to be blank (block 847). If not, control returns to block
846 where the next frame is received for processing. If, on the other hand, the frame
byte calculator 505 determines that the frame has less than a threshold amount of
bytes (block 847), the frame-type detector 808 then determines if the frame to be
examined is an I-frame (block 848). If the frame is an I-frame (block 850), control
advances to block 852. Otherwise, control advances to block 932 (FIG. 16D).

[00130] Assuming for purposes of discussion that the frame is an I-
frame (block 850, FIG. 16A), the parser 502 begins constructing a slice table 520 such
as that shown in FIG. 7 and the area byte calculator 506 begins calculating the area

byte counts. In the illustrated example, the parser 502 constructs the slice table 520
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by examining the frame to find the start address for the first slice (i.e., slice I) in the
frame (block 852). It then finds the start address of the next slice (i.e., slice K) in the
frame (block 852). In the MPEG II context, if the vertical position of the next slice K
is the same as the vertical position for the slice I (block 856), then slice I and slice K
are at least partially located in the same row. Accordingly, their byte counts are
attributed to the same row 1. To this end, the counter K is incremented by one (block
858) and control returns to block 854.

[00131] Control continues to loop through blocks 854-858 until a slice
K having a row address different than the row address of slice I is found (block 856).
When such a slice K is found, the area byte calculator 506 computes the number of
bytes in the row I associated with slice I by subtracting the start address of slice K
from the start address of slice I (block 860). The byte count is recorded in the row
buffer 508.

[00132] The blank frame candidate identifier 801 then determines if the
Jast byte count has been calculated (block 862). If not, the counter I is set equal to the
value in the counter K (block 864), and control returns to block 852. Control
continues to loop through blocks 852-864 until the area byte calculator 506 has
completed the row byte calculations for the entire frame. Control then advance to
block 866.

[00133] At block 866, the area count comparator 514 begins analyzing
the row byte counts in the area buffer 508 to determine if the frame is a blank frame
candidate. In the illustrated example, the area count comparator 514 performs this
task by comparing each of the row byte counts in the area buffer 508 to a blank area

candidate threshold. The area count comparator 514 determines that a BIP or PIB
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situation is presented if a group containing at least a predetermined number of slices
that meet the blank area candidate threshold and are located near each other within a
frame is identified. In such an instance, the frame is a blank frame candidate and
control advances to block 900 of FIG. 16B. Otherwise, if no such group is detected,
the frame is not a blank frame candidate and control returns to block 846 where
analysis of the next frame begins.

[00134] As shown in FIG. 16B, to begin analyzing the candidate frame,
the parser 820 parses the frame, and the counter 832 is reset (block 900). The DC
value comparator 830 then retrieves the DC values from the first and second
luminance blocks of the first low byte count slice of the blank frame candidate (blocks
906 & 908). The DC value comparator 830 compares the retrieved DC values to one
another by, for example, comparing the absolute value of the difference between the
retrieved DC values to a predetermined threshold (block 910). If the threshold is
exceeded (block 910), control advances to block 914. If the threshold is not exceeded
(block 910), the counter 832 increments (block 912) before control advances to block
914.

[00135] At block 914, the parser 820 determines if the last block in the
slice has been analyzed. If not, the second DC value is written into the first DC value
variable (block 916). Control then returns to block 908 where the DC value of the
next luminance block is retrieved to initiate the next DC value comparison.

[00136] Once all of the sequential DC values in a slice have been
compared (block 914), control advances to block 918 (FIG. 16C). At block 918, the
comparator 834 compares the value stored in the counter 832 to a predetermined

threshold. If the threshold is exceeded by the counter value (block 918), the slice
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mapper 804 maps a blank slice to the physical location of the slice in an xy-coordinate
system representative of the blank frame candidate being analyzed (block 920)(see
FIG. 15). Control then advances to block 922. If the threshold is not exceeded (block
918), the slice mapper 804 maps a non-blank slice to the xy-coordinate system
representing the frame (block 921). (All non-low byte allocation slices may also be
mapped as non-blank slices in the graph.) Control.then advances to block 922.

[00137] At block 922, it is determined if the last low byte allocation
slice in the current frame has been analyzed. If not, the counter is reset (block 924):
Control then returns to block 916 of FIG. 16B where analysis of the next low byte
allocation slice of the frame begins as explained above. Control continues to loop
through blocks 906-924 until every low byte allocation slice of a frame has been
analyzed and mapped to the xy-coordinate system as a blank slice or a non-blank slice
(block 922). |

[00138] When all of the low byte allocation slices of a frame have been
categorized and mapped as explained above (block 922), the rectangle detector 806
analyzes the slice map created by the slice mapper 804 to determine if the blank slices
(if any) in the frame form a substantially rectangular area (block 926). Persons of
ordinary skill in the art will appreciate that the rectangle ;letector 806 may detect
blank rectangular regions in the slice map in a plurality of different manners. For
example, as shown in FIG. 17, the rectangle detector 806 may analyze the xy
coordinates associated with the blank slices for patterns indicative of a rectangular
area. For example, the rectangle detector 806 may identify an area of the slice map as
containing a blank rectangle if the sequences of x coordinates 1000 (e.g., 5, 6,7,8)of

an area containing blank slices and no non-blank slices are consistent with one
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another (e.g., all four horizontal sequences in FIG. 17 are 5, 6, 7, 8), and the
sequences of y coordinates 1002 (e.g., 10, 11, 12) of that same area are also consistent
with one another (e.g., all three vertical sequences in FIG. 17 are 10, 11, 12). of
course, a region of blank slices need not form a perfect rectangle to be identified as a
rectangular region. Instead, predefined tolerances may be permitted. For example, a
predefined number of coordinates in each sequence may be inconsistent with the other
sequences and still be considered a match. for example, the sequence “5, 6,7, 8, 9,
10” may be considered a match to the sequence “5, 6, 7, 8, 10”. In this manner, small
errors, rounded corners, etc. may be ignored. |

[00139} Also, to avoid falsely identifying small blank areas of a primary
window as reflecting a blank PIP window, the rectangle detector 806 may require the
blank rectangular area to cover at least a predetermined area before it is identified as a
blank PIP window. For example the rectangle detector 806 may compute the area of
the blank area and compare the computed area to a predetermined threshold. Only if
the threshold is exceeded is the blank area declared a blank PIP window.

[00140] If the rectangle detector 806 identifies a blank rectangle (block
926), control advances to block 930 where a blank image signal is generated. As
explained above, if a pair of blank images that are separated by less than a
predetermined length of time corresponding to the maximum expected length of a
commercial break (e.g., 5 minutes) are detected, the monitoring station 106 identifies
the portion of the broadcast signal occurring between the blank images as containing a
commercial and, thus, stores the frames or proxies for the frames occurring between

the blank images for later use in identifying the commercials.
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[00141] If the rectangle detector 806 does not identify a blank rectangle
(block 926), control advances to block 928. At block 928, the rectangle detector 806
analyzes the slice map created by the slice mapper to determine if the blank slices (if
any) in the frame form an area of blank slices (i.e., a blank primary window)
bounding a substantially rectangular area of non-blank slices (e.g., a non-blank
secondary window) (block 928). Persons of ordinary skill in the art will appreciate
that the rectangle detector 806 may detect a blank region which bounds a non-blank
rectangular area in the slice map in a plurality of different manners. For example, as
shown in FIG. 17, the rectangle detector 806 may analyze the Xy coordinates
associated with non-blank slices bounded by blank slices for patterns indicative of a
rectangular area. For example, the rectangle detector 806 may identify an area of the
slice map as containing a non-blank rectangle bounded by blank slices if the
sequences of X coordinates 1000 (e.g., 5, 6, 7, 8) of an area containing non-blank
slices bounded by blank slices are consistent with one another (e.g., all four horizontal
sequences in FIG. 17 are 5, 6, 7, 8), the sequences of Y coordinates 1002 (e.g., 10, 11,
12) of that same area are also consistent with one another (e.g., all three vertical
sequences in FIG. 17 are 10, 11, 12), and no, or substantially no, slices outside the
rectangular area are non-blank slices. Again, the non-blank rectangular region
bounded by the blank slices need not be a perfectly rectangular region for the region
of blank slices to be identified as a blank primary window. Also, a minimum area test
may be employed as explained above to avoid falsely identifying a non-blank area
surrounded by a blank area as a PIP window located in a blank primary window.

[00142] If the rectangle detector 806 identifies a blank primary window

(block 928), control advances to block 930 where a blank image signal is generated as
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explained above. If the rectangle detector 806 does not identify a blank primary
window (block 928), or after the blank image signal is generated (block 930), control
returns to block 850 (FIG. 16A) where analysis of the next frame begins.

[00143] Returning to block 850 of FIG. 16A, if the frame-type detector
808 determines that the blank frame candidate to be analyzed is a P-frame or a B-
frame (block 850), control advances to block 932 of FIG. 16D. At block 932, the
intracoded macro block calculator counts the number of intracoded macro blocks
contained in the frame. Since blank areas in P-frames and B-frames are best
represented by intracoded macro blocks, non-blank P-frames and non-blank B-frames
will not contain a large number of intracoded macro blocks. Therefore, the presence
of more than a predetermined number (e.g., more than 25% of the macro blocks) of
intracoded macro blocks indicates that the frame may contain a blank area.
Therefore, if more than the predetermined number of intracoded macro blocks are
counted in the frame (block 934), the frame may be a PIB or BIP frame and control
advances to block 936. Otherwise, the frame is not a PIB or BIP frame, and control
returns to block 846 of FIG. 16A.

[00144] Assuming for purposes of discussion that the P-Frame or B-
frame meets the quantity test for a BIP or PIB frame (block 934), the area count
comparator 514 determines if the intracoded macro blocks fare grouped together so
that they may represent a PIB or BIP frame (block 936). If not, the frame is not a PIB
or BIP frame, and control returns to block 846 of FIG. 16A. On the other hand, if the
intracoded macro blocks are grouped together (block 936), the frame may be a BIP or

PIB frame and control advances to block 900 of FIG. 16B.
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[00145] Control then proceeds through blocks 900-930 as explained
above until the P-frame or B-frame is identified as a PIB, a BIP or a non-blank image.

[00146] The flowcharts of FIGS. 16B-16D are directed toward the
example illustrated in FIG. 14. However, as noted above and illustrated in FIG. 14A,
the blank slice detector 802 may alternatively be structured to include a histogré.m
generator 831 instead of the DC value comparator 830 and the counter 832. Modified
versions of FIGS. 16B and 16C reflecting the changes required to implement the
blank slice detector of FIG. 14A are shown in FIGS. 16E and 16F. In FIGS. 16E and
16F as respectively compared to FIGS. 16B and 16C, like reference numerals reflect
like blocks. Thus, descriptions of those identical blocks are omitted in the interest of
brevity. Instead, the following identifies the differences between FIG. 16B. and FIG.
16E and between FIG. 16C and FIG. 16F.

[00147] As shown in FIG. 16E, blocks 906 and 916 are eliminated,
block 900 is modified to eliminate resetting of the counter, and blocks 910-912 are
replaced with a block 911 in which the histogram is updated by the histogram
generator 831 to reflect the retrieved DC value. As shown in FIG. 16F, block 924 is
eliminated and block 918 is replaced with block 919 which sums a window of peak(s)
of the histogram around the value representing a zero DC value, and compares the
sum to the threshold as explained above in connection with block 415 of FIG. 10C..
All other blocks may remain the same.

[00148] A block diagram of an example apparatus that may implement
any or all of the blank image detectors 116A-116N, 300, 500 and 800 is illustrated in
FIG. 18. The apparatus may be a personal computer (PC), an application specific

device, and/or any other computing device. In the illustrated example, the apparatus
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includes a processor 2004 powered by a power supply 2003. The processor 2004 may
be electrically coupled by a system interconnect 2006, to a main memory 2008, and to
one or more interface circuits 2010. The system interconnect 2006 may be, for
example, an address/data bus. Of course, a person of ordinary skill in the art will
readily appreciate that interconnects other than busses may be used to connect the
processor unit 2004 to the main memory 2008. For example, one or more dedicated
lines and/or a crossbar may be used to connect the processor 2004 to the main
memory 2008.

[00149] The processor 2004 may be implemented, for example, by a
microprocessor from the Intel Pentium® family of microprocessors, the Intel
Ttanium® family of microprocessors, the Intel Centrino® family of processors and/or
the Intel XScale® family of processors. The processor 2004 may include any type of
well known cache memory, such as static random access memory (SRAM). The main
memory 2008 may include dynamic random access memory (DRAM), but may also
include non-volatile memory. The main memory 2008 may store one or more
\‘programs which may be executed by the processor 2004 in a well known manner.

[00150] The interface circuit(s) 2010 may be implemented using any
type of well known interface standard, such as an analog cable interface, a digital
cable interface, a satellite signal interface, an Ethernet interface, and/or a Universal
Serial Bus (USB) interface. One or more input devices 2012 may be connected to the
interface circuits 2010 for entering data and commands into the processor 2004. For
example, an input device 2012 may be a keyboard, a mouse, a touch screen, a track

pad, a track ball, an isopoint, and/or a voice recognition system.
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[00151] One or more displays, printers, speakers, and/or other output
devices 2014 may also be connected to the processor 2002 via one or more of the
interface circuits 2010. The display 2014 may be a cathode ray tube (CRTs), a liquid
crystal display (LCDs), or any other type of display. The display 2014 may generate
visual indications of data generated during operation of the processor 2002. The
visual display may include prompts for human operator input, calculated values,
detected data, etc.

[00152] The apparatus may also include one or more storage devices
2016. For example, the apparatus may include one or more hard drives, a compact
disk (CD) drive, a digital versatile disk drive (DVD), and/or other computer media
input/output (I/O) devices.

[00153] The apparatus may also exchange data with other devices such
as the data processing center 108 via a connection to a network 2018. The network
connection may be any type of network connection, such as an Ethernet connection,
digital subscriber line (DSL), telephone 1jne, coaxial cable, etc. The network 2018
may be any type of network, such as the Internet, a telephone network, a cable
network, and/or a wireless network.

[00154] | From the foregoing, persons of ordinary skill in the art will
appreciate that methods and apparatus have been disclosed to detect a
.commercial/advertisement in a digital video broadcast signal without uncompressing
the signal. The disclosed methods and apparatus advantageously detect blank frames
in a digital broadcast stream without decompressing the stream. The disclosed

methods and apparatus may be employed in multiple contexts and manners. For
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example, the disclosed methods and apparatus may be adapted to detect blank frames
in a primary screen and/or a secondary screen in a picture-in-picture environment.

[00155] While the foregoing disclosure was made with respect to
example systems and methods for monitoring the broacicast of video signals, it should
be understood that the teachings of this disclosure may alternatively or additionally be
applied to monitoring systems adapted to monitor any other type of video display
system. Accordingly, while the foregoing described example systems and processes,
persons of ordinary skill in the art will readily appreciate that the disclosed examples
are not the only way to implement such systems.

[00156] Additionally, while the examples disclosed herein refer to
“bits,” “bytes,” bit allocations,” “byte counts,” etc., persons of ordinary skill in the art
will appreciate that bits can be grouped in many ways, for example, into bytes.
Therefore, performing any of the functions described herein using bits, bytes, or any
other grouping of bits are equivalent, and the use of the words “bit” and “byte” in this
disclosure and the appended claims are meant to be interchangeable with one another
and with any other unit of digital data (e.g., kilobits, kilobytes, etc.)

[00157] Furthermore, although certain methods, apparatus, and articles
of manufacture have been described herein, the scope of coverage of this patent is not
limited thereto. On the contrary, this patent covers all apparatus, methods, and
articles of manufacture fairly falling within the scope of the appended claims either

literally or under the doctrine of equivalents.
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What is claimed is:

1. A method of detecting a blank image comprising:

analyzing a compressed frame of a tuned digital broadcast signal to determine
if the frame is a blank candidate; and

analyzing a portion of the blank candidate to determine if the blank candidate

is a blank image.

2. A method as defined in claim 1 wherein analyzing a compressed frame
of the tuned digital broadcast signal to determine if the frame is a blank candidate
comprises comparing a bit allocation of substantially the entire compressed frame to a

threshold.

3. A method as defined in claim 2 wherein analyzing a compressed frame
of the tuned digital broadcast signal to determine if the frame is a blank candidate

comprises analyzing a distribution of bits in predetermined areas of the frame.

4, A method as defined in claim 1 wherein analyzing a compressed frame
of the tuned digital broadcast signal to determine if the frame is a blank candidate

comprises analyzing a distribution of bits in predetermined areas of the frame.

5. A method as defined in claim 4 wherein each of the predetermined

areas has substantially the same size.
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6. A method as defined in claim 4 wherein the predetermined areas

comprise rows of the frame.

7. A method as defined in claim 1 wherein analyzing a compressed frame
of the tuned digital broadcast signal to determine if the frame is a blank candidate

comprises analyzing bit allocations of rows of the compressed frame.

8. A method as defined in claim 8 wherein analyzing the bit allocations of
the rows of the frame comprises determining if at least a predetermined percentage of

the rows are allocated less than a predetermined number of bits.

9. A method as defined in claim 1 wherein analyzing a portion of the
blank candidate to determine if the blank candidate is a blank image comprises

analyzing one area of the blank candidate.

10. A method as defined in claim 9 wherein the analyzed area comprises

one slice of the blank candidate.

11. A method as defined in claim 1 wherein analyzing a portion of the
blank candidate to determine if the blank candidate is a blank image comprises

analyzing an area of the blank candidate to determine if the area is a blank area.
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12. A method as defined in claim 11 wherein the analyzed area of the

blank candidate comprises a slice of the blank candidate.

13. A method as defined in claim 11 wherein determining if the area is a
blank area comprises determining a number of DC values in the area having a

predetermined characteristic.

14. A method as defined in claim 11 wherein determining if the area is a
blank area comprises determining if more than a predetermined number of codes

representing zero change in brightness are located in the area.

15. A method as defined in claim 11 wherein determining if the area is a
blank area comprises determining if a predetermined region of a histogram reflecting
DC values in the area contains more than a predetermined percentage of the DC

values in the area.

16.  Anapparatus to detect a blank image comprising:

a blank frame candidate identifier to analyze a compressed frame of a tuned
digital broadcast signal to determine if the frame is a blank candidate; and

a blank frame tester to analyze a portion of the blank candidate to determine if

the blank candidate is a blank image.
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17.  An apparatus as defined in claim 16 wherein the blank frame candidate
identifier determines if the frame is a blank candidate by comparing a bit allocation of

substantially the entire compressed frame to a threshold.

18.  An apparatus as defined in claim 17 wherein the blank frame candidate
identifier determines if the frame is a blank candidate by analyzing a distribution of

bits in predetermined areas of the frame.

19.  Anapparatus as defined in claim 16 wherein the blank frame candidate
identifier determines if the frame is a blank candidate by analyzing a distribution of

bits in predetermined areas of the frame.

20.  Anapparatus as defined in claim 19 wherein each of the predetermined

areas has substantially the same size.

21.  Anapparatus as defined in claim 19 wherein the predetermined areas

comprise rows of the frame.

22.  Anapparatus as defined in claim 16 wherein the blank frame candidate
identifier determines if the frame is a blank candidate by analyzing bit allocations of

rows of the frame.
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23.  An apparatus as defined in claim 22 wherein the blank frame candidate
identifier analyzes the bit allocations of the rows of the frame by determining if at
least a predetermined percentage of the rows are allocated less than a predetermined

number of bits.

24.  An apparatus as defined in claim 16 wherein the blank image tester
determines if the blank candidate is a blank image by analyzing an area of the blank

candidate.

25.  An apparatus as defined in claim 16 wherein the blank image tester
determines if the blank candidate is a blank image by analyzing a slice of the blank

candidate to determine if the slice is a blank slice.

26.  An apparatus as defined in claim 25 wherein the blank image tester
determines if the slice is a blank slice by determining a number of DC values in the

slice having a predetermined characteristic.

27. A method of detecting a blank image comprising:

receiving a compressed digital image including a plurality of DC values;

determining a number of DC values in the plurality of DC values that meet a
predetermined criterion;

comparing the determined number of DC values meeting the predetermined

criterion to a predetermined threshold; and
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identifying the received digital image as a blank image if the determined

number of DC values exceeds the predetermined threshold.

28. A method as defined in claim 27 wherein determining the number of
DC values meeting the predetermined criterion comprises, for each DC value except
for the first DC value in the plurality, determining if a difference between the DC

value and a previous DC value is substantially zero.

29. A method as defined in claim 27 wherein the plurality of DC values

are contained within a same slice of a frame.

30. A method as defined in claim 27 wherein determining the number of
DC values meeting the predetermined criterion is performed without decompressing

~ the compressed digital image.

31. A method as defined in claim 27 wherein determining the number of
DC values meeting the predetermined criterion comprises determining a number of

relative DC values in the plurality of DC values that are substantially equal to zero.

32. A method as defined in claim 27 wherein determining the number of
DC values meeting the predetermined criterion comprises determining a number of

relative DC values in the plurality of DC values that are less than a predetermined
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threshold.

33. A method of detecting a blank image comprising:

parsing at least a portion of a compressed digital image into a plurality of
blocks;

counting a number of blocks in the plurality of blocks that have substantially
identical brightness values; and.

comparing the number of blocks counted to a predetermined threshold to

determine if the digital image is a blank image.

34. A method as defined in claim 33 wherein parsing the at least the
portion of the compressed digital image comprises parsing a slice of the compressed

digital image.

35. A method of detecting a blank image comprising:

analyzing DC values of luminance blocks associated with a frame to
determine a number of the luminance blocks having substantially the same DC value;
and

identifying the frame as a blank image if the number exceeds a predetermined

threshold.

36. A method as defined in claim 35 wherein analyzing the DC values of

the luminance blocks comprises counting a number of relative DC values that are

65



WO 2005/104676 PCT/US2004/009910

substantially zero.

37. A method as defined in claim 35 wherein analyzing the DC values of
the luminance blocks comprises generating a histogram representative of the DC

values.

38. A method as defined in claim 35 wherein analyzing the DC values of
the luminance blocks comprises comparing DC values of sequential pairs of DC

values to determine if a DC value difference exceeds a difference threshold.

39. A method as defined in claim 35 wherein analyzing the DC values of
the luminance blocks associated with the frame coinprises analyzing the DC values of

the luminance blocks associated with a slice of the frame.

40.  An apparatus for detecting a blank image comprising:

a parser to parse at least a portion of a compressed digital image into a
plurality of blocks;

a counter to count a number of blocks in the plurality of blocks that have a
substantially identical brightness; and.

a comparator to compare the number of blocks counted by the counter to a

predetermined threshold to determine if the digital image is a blank image.
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41.  An apparatus as defined in claim 40 wherein the comparator identifies
the digital image as a blank image if the determined number of blocks exceeds the

predetermined threshold.

42.  An apparatus as defined in claim 40 wherein the compressed digital
image is an MPEG encoded image and the average brightness value is an MPEG DC

value.

43.  An apparatus as defined in claim 40 wherein the counter counts the
number of blocks in the plurality of blocks that have the subsfantially identical

brightness without decompressing the compressed digital image.

44.  An apparatus as defined in claim 40 wherein the blocks comprise
luminance blocks each of which includes a DC value indicative of a brightness value
of the luminance block, and further comprising a DC value comparator to compare the
DC values of sequential pairs luminance blocks to determine if the sequential pairs

have substantially the same brightness.

45.  An apparatus as defined in claim 44 wherein the counter cooperates
with the DC value comparator to count the number of blocks in the plurality of

blocks.

67



WO 2005/104676 PCT/US2004/009910

46.  An apparatus for detecting a blank image comprising:

a parser to parse at least a portion of a compressed digital image into a
plurality of blocks;

a histogram generator to create a histogram representative of brightness values
associated with the plurality of blocks; and.

a comparator to compare at least a portion of the histogram to a predetermined

threshold to determine if the digital image is a blank image.

47.  An apparatus as defined in claim 46 wherein the comparator identifies
the digital image as a blank image if the histogram indicates that more than the

predetermined threshold of blocks have substantially the same brightness.

48.  An apparatus as defined in claim 46 wherein the compressed digital

image is an MPEG encoded image and the brightness values are MPEG DC values.

49.  An apparatus as defined in claim 46 wherein the histogram generator

creates the histogram without decompressing the compressed digital image.

50.  An apparatus as defined in claim 46 wherein the blocks comprise
luminance blocks each of which includes a DC value indicative of a brightness value

of the luminance block.
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51. A method of detecting a blank image comprising:

determining a number of bits contained in each predetermined area of a frame;

determining a number of predetermined areas of the frame having
substantially the same number of bits; and

identifying the frame as a blank image if the determined number of

predetermined areas exceeds a predetermined threshold.

52. A method as defined in claim 51 wherein determining the number of
bits, determining the number of predetermined areas and identifying the frame as a

blank image are performed without decompressing the frame.

53. A method as defined in claim 51 wherein identifying the frame as a
blank image if the determined number of predetermined areas exceeds a
predetermined threshold further comprises:

analyzing DC values of luminance blocks associated with a slice of the frame
to determine a number of the luminance blocks having substantially the same DC
value; and

identifying the frame as a blank image only if the number exceeds a

predetermined threshold.

54.  An apparatus to detect a blank image comprising:
an area byte calculator to determine a number of bytes contained in an area of

a frame;
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an area count comparator to compare a characteristic of the areas of the frame
determined by the area byte calculator to a predetermined threshold to determine if

the frame is a blank image.

55.  Anapparatus as defined in claim 54 wherein the area byte calculator

counts the number of bytes in a slice without decompressing the frame.

56. A method of detecting a blank image in a picture-in-picture system
comprising:

identifying blank slices in a compressed digital image;

mapping the blank slices té a coordinate system;

identifying the digital image as including a blank image if (a) the blank slices
map to a substantially rectangular region, or (b) the blank slices map to a region

bounding a substantially rectangular, non-blank region.

57. A method as defined in claim 56 wherein the digital image includes a

blank-in-picture image if the blank slices map to a substantially rectangular region.

58. A method as defined in claim 56 wherein the digital image includes a
blank primary viewing window and a non-blank picture-in-picture window if the

blank slices map to a region bounding a substantially rectangular, non-blank region
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59. A method as defined in claim 56, wherein identifying blank slices in

the digital image is performed without decompressing the compressed digital image.

60. A method as defined in claim 56, wherein identifying blank slices in
the digital image comprises:

analyzing DC values of luminance blocks associated with a slice to determine
a number of the luminance blocks having substantially the same DC value; and

identifying the slice as a blank slice if the number of the luminance blocks

having substantially the same DC value exceeds a predetermined threshold.

61. A method as defined in claim 60 wherein, if the digital image is
encoded as a P-frame or a B-frame, identifying blank slices in the digital image
comprises:

counting a number of intracoded macro blocks in the frame; and

if the number of intracoded macro blocks in the frame exceeds a threshold,
analyzing DC values of luminance blocks associated with a slice containing the
intracoded macro blocks to determine a number of the luminance blocks having
substantially the same DC value; and identifying the slice as a blank slice if the
number of the luminance blocks having substantially the same DC value exceeds a

predetermined threshold.

62.  An apparatus to detect a blank image in a picture-in-picture system

comprising:
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a blank slice detector to identify blank slices in the digital image;

a slice mapper to map the blank slices to a coordinate system; and

a rectangle detector to identify the digital image as including a blank image if
(a) the blank slices map to a substantially rectangular region, or (b) the blank slices

map to a region bounding a substantially rectangular, non-blank region.

63.  An apparatus as defined in claim 62 wherein the digital image includes

a blank-in-picture image if the blank slices map to a substantially rectangular region.

64.  An apparatus as defined in claim 62 wherein the digital image includes
a blank primary viewing window and a non-blank picture-in-picture window if the

blank slices map to a region bounding a substantially rectangular, non-blank region

65.  Anapparatus as defined in claim 62 wherein the blank slice detector
identifies blank slices in the digital image without decompressing the compressed

digital image.

66.  An apparatus as defined in claim 62 wherein the blank slice detector
identifies blank slices in the digital image by:

analyzing DC values of luminance blocks associated with a slice to determine
a number of the luminance blocks having substantially the same DC value; and

identifying the slice as a blank slice if the number of the luminance blocks

il
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having substantially the same DC value exceeds a predetermined threshold.

67. ' An apparatus as defined in claim 62 wherein, if the digital image is
encoded as a P-frame or a B-frame, the blank slice detector identifies blank slices in
the digital image by:

counting a number of intracoded macro blocks in the frame;

if the number of intracoded macro blocks in the frame exceeds a threshold,
analyzing DC values of luminance blocks associated with a slice containing the
intracoded macro blocks to determine a numBer of the luminance blocks having
substantially the same DC value; and identifying the slice as a blank slice if the
number of the luminance blocks having substantially the same DC value exceeds a

predetermined threshold.

68.  An apparatus as defined in claim 62 further comprising a frame-type

detector to identify a frame as an I-frame, a P-frame or a B-frame.

69.  An apparatus as defined in claim 62 further comprising a DC value

comparator, a counter and a comparator to identify blank slices.

70.  An apparatus as defined in claim 62 further comprising a histogram

generator and a comparator to identify blank slices.
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71.  An apparatus to detect blank frames in a compressed digital signal
comprising: |
a blank frame candidate identifier to identify blank candidates; and

a blank frame tester to identify blank frames from the blank candidates.

72. A method to detect blank frames in a compressed digital signal
comprising:

identifying a blank candidate by analyzing at least one bit allocation
associated with a frame; and

determining if the blank frame candidate is a blank frame by analyzing DC

values in at least one area of the blank candidate.

73. A method of detecting a blank image in a picture-in-picture system
comprising:

analyzing a compressed frame of a tuned digital broadcast signal to determine
if the frame is a blank-in-picture candidate or a picture-in-blank candidate; and

analyzing a low bit allocation portion of the blank frame candidate to
determine if the blank-in picture-candidate is a blank-in-picture image or the picture-

in-blank candidate is a picture-in-blank.

74. A method as defined in claim 73 wherein analyzing a compressed

frame of the tuned digital broadcast signal comprises analyzing bit allocations of areas
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of the frame.

75. A method as defined in claim 74 wherein analyzing the bit allocations
of the areas of the frame comprises determining if a group of rows are allocated less

than a predetermined number of bits.

76. A method as defined in claim 73 wherein analyzing a low bit allocation

portion of the blank candidate comprises analyzing one slice of the blank candidate.

77. A method as defined in claim 75 wherein analyzing a low bit allocation
portion of the blank candidate comprises analyzing a slice in the group of rows of the

blank candidate to determine if the slice is a blank slice.

78. A method as defined in claim 77 wherein determining if the slice is a
blank slice comprises determining a number of DC values in the slice having a

predetermined characteristic.

79. A method as defined in claim 73 wherein analyzing the low bit
allocation portion of the blank candidate to determine if the blank-in-picture candidate
is a blank-in-picture image or the picture-in-blank candidate is a picture-in-blank
comprises:

identifying blank slices in the low bit allocation portion; and

mapping the blank slices to a coordinate system to determine if they form one
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of a substantially rectangular area and an area bounding a substantially rectangular

area.

80.  An apparatus to detect a blank image in a picture-in-picture system
comprising:

a blank candidate identifier to analyze a compressed frame of a tuned digital
broadcast signal to determine if the frame is a blank-in-picture candidate or a picture-
in-blank candidate; and

a blank tester to analyze a low bit allocation portion of the blank-in-picture
candidate or the picture-in-blank candidate to determine if the blank-in-picture
candidate is a blank-in-picture image or the picture-in-blank candidate is a picture-in-

blank.

81.  An apparatus as defined in claim 80 wherein the blank candidate
identifier analyzes the compressed frame of the tuned digital broadcast signal to
determine if the frame is a blank-in picture-candidate or a picture-in-blank candidate

by analyzing bit allocations of areas of the frame.

82.  Anapparatus as defined in claim 80 wherein the blank candidate
identifier analyzes the bit allocations of the areas of the frame by determining if a

group of rows are allocated less than a predetermined number of bits.
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83.  Anapparatus as defined in claim 80 wherein the blank tester analyzes a
low bit allocation portion of the blank-in-picture candidate or the picture-in-blank

candidate by analyzing one slice of the blank frame candidate.

84.  An apparatus as defined in claim 82 wherein the blank tester analyzes a
low bit allocation portion of the blank-in-picture candidate or the picture-in-blank
candidate by analyzing a slice in the group of rows of the blank frame candidate to

determine if the slice is a blank slice.

85.  Anapparatus as defined in claim 84 wherein the blank tester
determines if the slice is a blank slice by determining a number of DC values in the

slice having a predetermined characteristic.

86.  An apparatus as defined in claim 80 wherein the blank tester analyzes
the low bit allocation portion of the blank-in-picture candidate or the picture-in-blank
candidate to determine if the blank-in-picture candidate is a blank-in-picture image or
the picture-in-blank candidate is a picture-in-blank by:

identifying blank slices in the low bit allocation portion; and

mapping the blank slices to a coordinate system to determine if they form one
of a substantially rectangular area and an area bounding a substantially rectangular

area.
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